Abstract-This paper deals with a new control technique for the modeling of a Dynamic Voltage Restorer (DVR).
INTRODUCTION
Power quality problems in industrial applications concern a wide range of disturbances, such as voltage sags and swells, flicker, interruptions, harmonic distortion. Preventing such phenomena is particularly important because of the increasing heavy automation in almost all the industrial processes. High quality in the power supply is needed, since failures due to such disturbances usually have a high impact on production costs. The definition of voltage sags is often set based on two parameters, magnitude or depth and duration. However, these parameters are interpreted differently by various sources. Other important parameters that describe voltage sags are the point-on-wave where the voltage sags occurs, and how the phase angle changes during the voltage sag. A phase angle jump during a fault is due to the change of the X/R-ratio. The phase angle jump is a problem especially for power electronics using phase or zero-crossing switching. The voltage sags as defined by IEEE Standard 1159, IEEE Recommended Practice for Monitoring Electric Power Quality, is "a decrease in RMS voltage or current at the power frequency for durations from 0.5 cycles to 1 minute, reported as the remaining voltage". Typical values are between 0.1 p.u. and 0.9 p.u., and typical fault clearing times range from three to thirty cycles depending on the fault current magnitude and the type of over current detection and interruption [1] .
There are many different methods to mitigate voltage sags and swells, but the use of a custom Power device is considered to be the most efficient method. The concept of custom Power was introduced by N.G. Hingorani in 1995. This paper Introduces Dynamic Voltage Restorer (DVR) and its operating principle. Then, analyses of the voltage compensation methods are presented. At the end, simulation results using PSCAD/EMTDC are illustrated and discussed.
II. DYNAMIC VOLTAGE RESTORER OPERATIONS
A Dynamic Voltage Restorer (DVR) is a recently proposed series connected solid state device that injects voltage into the system in order to regulate the load side voltage. The DVR was first installed in 1996 [5] . It is normally installed in a distribution system between the supply and the critical load feeder [6] . Its primary function is to rapidly boost up the loadside voltage in the event of a disturbance in order to avoid any power disruption to that load [7.8] . There are various circuit topologies and control schemes that can be used to implement a DVR. In addition to voltage sags and swells compensation, DVR can also perform other tasks such as: line voltage harmonics compensation, reduction of transients in voltage and fault current limitations. The general configuration of the DVR consists of an Injection/Booster transformer, a Harmonic filter, a Voltage Source Converter (VSC), DC charging circuit and a Control and Protection system as shown in Figure 1 .
In most sag correction techniques, the DVR is required to inject active power into the distribution line during the period of compensation. Hence, the capacity of the energy storage unit can become a limiting factor in the disturbance compensation process especially for sags of long duration. Figure 3 illustrates the DVR control scheme proposed in this paper. The system consists of power system supplying three phase loads through a distribution transformer and a DVR system connected in series to the secondary side of the distribution system. 
III. PROPOSED CONTROL IMPLEMENTATION
The aim of the control scheme is to maintain constant voltage magnitude at the point where a sensitive load is connected, under system disturbances. The control system only measures the r.m.s voltage at the load point, i.e., no reactive power measurements are required. The VSC switching strategy is based on a space vector PWM technique which offers simplicity and good response.
During a sag condition, the correct voltage must be injected so that the load voltage becomes 'normal' again. The reference phasor has three components: phase, frequency and magnitude. During normal network operation all will vary to some degree [3] .
The block diagram of the control system used is shown in Figure 7 .
The three phase voltages can be converted into αβ using αβο transform. In the vector space, according to the equivalence principle, the following operation rules are obeyed:
In one sampling interval, the output voltage vector
Where t 0 , t 1,……. ,t 7 are the turn -on time of the vectors
V ; t o ,t1 ,….. , t 7 > 0 , ∑ For example in sector I as shown in Figure 3 in one sampling interval, vector V can be expressed as
IV. SIMULATION RESULTS AND DISCUSSION
In order to understand the performance of the DVR along with control, a simple distribution network as shown in Figure 3 , is implemented. Voltage sags are simulated using PSCAD software. First a case of three phase balanced sag is simulated by connecting a three phase reactance to the basbar. As a result balanced voltage sag is created immediately after a fault as shown in Figure 5 
V. CONCLUSION
The modeling and simulation of a DVR using PSCAD/EMTDC has been presented. The simulation results showed clearly the performance of the DVR in mitigating voltage sags. The DVR handled both balanced and unbalanced situations without any difficulties and injected the appropriate voltage component to correct rapidly any anomaly in the supply voltage to keep the load voltage balanced and constant at the nominal value. The efficiency and the effectiveness in voltage sags compensation showed by the DVR makes it an interesting power quality device compared to other custom power devices. The results of the PSCAD/EMTDC simulation also verify the proposed control algorithm based on Space Vector Pulse Width Modulation (SVPWM) technique to generate the pulses for mitigating voltage sags.
